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An optical packet Switching system includes: an optical 
(21) Appl. No.: 13/327,542 packet transmitter device configured to transmit an optical 

packet signal; and an optical packet Switching device config 
(22) Filed: Dec. 15, 2011 ured to route and output an input optical packet signal. The 

optical packet transmitter device is configured to adjust gap 
time between optical packets transmitted. The optical packet 
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by time required for Switching in the optical packet Switching 
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OPTICAL PACKET SWITCHING SYSTEM 
AND OPTICAL PACKET TRANSMITTER 

DEVICE 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to an optical packet 
Switching system in which packet-by-packet optical packet 
Switching is enabled and to an optical packet transmitter 
device used in the optical packet Switching system. 
0003 2. Description of the Related Art 
0004. The technology of switching the path depending on 
the wavelength in an optical transmission system based on 
wavelength division multiplexing (WDM) and by employing 
a wavelength selective switch (WSS) is in practical use. One 
of the next-generation technologies studied is an optical 
packet Switching system in which the path is Switched in 
smaller units, namely, IP packets (10 Gigabit Ethernet (reg 
istered trademark) signals, etc.). Each packet is converted in 
format into an optical packet and routed by using an ultra 
high-speed optical Switch (see e.g., patent document No. 1). 
0005. When the transmission is based on IP packets, no 
significant information is transmitted absent any data so that 
the bandwidth is wasted accordingly. If the optical packet 
Switching system is realized, however, any idle time in which 
data is absent can be occupied by another packet. Therefore, 
the optical packet Switching system promises the possibility 
of dramatically increasing the bandwidth usage efficiency of 
the transmission path and is envisaged as a technology of the 
future. 
0006 patent document No. 1 JP 2008-235986 
0007. In the optical packet switching system, there is a 
need to secure gap time between optical packets commensu 
rate with time required for the Switching of optical packet 
signals. 
0008 FIG. 1 shows the gap time between optical packet 
signals. FIG. 1 shows a client signal, optical packet signals at 
wavelengths W1-W10 produced by causing the client signal to 
branch, and how the optical packet Switching device is turned 
on or off. In FIG. 1, “PA' denotes a preamble and “IFG” 
denotes an inter-frame gap. 
0009 Referring to FIG.1, optical packet signals are output 
at time intervals commensurate with the duration of the Ether 
frame of the client signal. As shown in FIG. 1, time required 
for Switching in the optical packet Switching device is secured 
and optical packet signals can be properly routed, by provid 
ing gap time between optical packet signals. 
0010. In addition to the client signal, an optical packet 
signal includes optical routing information, etc. For this rea 
son, the length of an optical packet signal is not 1/N the frame 
length of the client signal even if the client signal is wave 
length-divided by N (N is an integer equal to or greater than 
2). The length of an optical packet signal is longer than 1/N 
the frame length. As the length of an optical packet signal at 
each wavelength grows larger than the length of a client 
signal, the gap time will be reduced with the result that suf 
ficient time cannot be secured for switching. FIG. 2 shows 
how an optical packet signal is discarded because of failure to 
secure sufficient time for optical Switching. 

SUMMARY OF THE INVENTION 

0011. The present invention addresses the background as 
described above and a purpose thereof is to provide a tech 
nology capable of reducing the ratio of discarded optical 
packet signals. 
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0012. The optical packet Switching system according to an 
embodiment of the present invention comprises: an optical 
packet transmitter device configured to transmit an optical 
packet signal; and an optical packet Switching device config 
ured to route and output an input optical packet signal. The 
optical packet transmitter device is configured to adjust gap 
time between optical packets transmitted. 
0013 Another embodiment of the present invention 
relates to an optical packet transmitter device. The device is 
for use in an optical packet Switching system including an 
optical packet Switching device, and is configured to adjust 
gap time between optical packets transmitted. 
0014 Optional combinations of the aforementioned con 
stituting elements, and implementations of the invention in 
the form of methods, apparatuses, systems, computer pro 
grams, data structures, and recording mediums may also be 
practiced as additional modes of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0015 Embodiments will now be described, by way of 
example only, with reference to the accompanying drawings 
which are meant to be exemplary, not limiting, and wherein 
like elements are numbered alike in several Figures, in which: 
0016 FIG. 1 shows the gap time between optical packets; 
0017 FIG. 2 shows the gap time between optical packets; 
0018 FIG. 3 shows an optical packet switching system 
according to the first embodiment; 
0019 FIG. 4 illustrates the operation of the optical packet 
transmitter device in the optical packet switching system 
according to the first embodiment; 
0020 FIG. 5 illustrates the operation of the optical packet 
Switching device in the optical packet Switching system 
according to the second embodiment; and 
0021 FIG. 6 shows an optical packet switching system 
according to the third embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

0022. The invention will now be described by reference to 
the preferred embodiments. This does not intend to limit the 
Scope of the present invention, but to exemplify the invention. 
0023. A description will be given of an embodiment of the 
present invention with reference to the drawings. 

First Embodiment 

0024 FIG. 3 shows an optical packet switching system 
according to the first embodiment of the present invention. As 
shown in FIG. 3, an optical packet switching system 100 
comprises a 2-inputx2-output optical packet Switching 
device 10 and an optical packet transmitter device 12. 
0025. A description will first be given of the optical packet 
switching device 10 The optical packet switching device 10 is 
provided with the function of switching the path of, i.e., 
routing, an input optical packet signal and outputting the 
signal accordingly. As shown in FIG. 3, the optical packet 
Switching device 10 comprises an optical Switch 14, an opti 
cal switch control unit 16, a first optical coupler 18, a second 
optical coupler 20, a first optical delay line 22, and a second 
optical delay line 24. 
0026. The optical packet signal input to the optical packet 
switching device 10 via an optical transmission path 17 is 
input to the first optical coupler 18. The first optical coupler 
18 causes the optical packet signal to branch into two signals. 
One of the optical packet signal from the branch is input to a 
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first input port 14a of the optical switch 14 via the first optical 
delay line 22. The other optical packet signal is input to the 
optical switch control unit 16. 
0027. An optical packet signal input to the optical packet 
switching device 10 via another optical transmission path 19 
is input to the second optical coupler 20. In the first embodi 
ment, the optical transmission path 19 is connected to the 
optical packet transmitter device 12. The second optical cou 
pler 20 causes the optical packet signal to branch into two 
signals. One of the optical packet signals from the branch is 
input to a second input port 14b of the optical switch 14 via the 
second optical delay line 24. The other optical packet signalis 
input to the optical switch control unit 16. 
0028. The optical switch control unit 16 extracts routing 
information from the input optical packet signal and outputs 
a control signal to the optical Switch 14 in accordance with the 
routing information. As shown in FIG. 3, the optical switch 
control unit 16 is provided with a first optical/electrical con 
verter unit 26, a second optical/electrical converter unit 28, a 
first analyzer unit 30, a second analyzer unit 32, and an output 
competition determination unit 34. 
0029. The first optical/electrical converter unit 26 converts 
an optical packet signal received from the first optical coupler 
18 into an electrical signal. The second optical/electrical con 
Verter unit 28 converts an optical packet signal received from 
the second optical coupler 20 into an electrical signal. 
0030. The first analyzer unit 30 analyzes the header of the 
packet signal received from the first optical/electrical con 
verter unit 26 and detects the routing information. The second 
analyzer unit 32 analyzes the header of the packet signal 
received from the second optical/electrical converter unit 28 
and detects the routing information. 
0031. The output competition determination unit 34 deter 
mines whether the optical packet should be transmitted or 
discarded and outputs an optical Switch control signal based 
on the result of determination. For example, it will be 
assumed that optical packets are input to the first input port 
14a and the second input port 14b and that the destination of 
output of the two optical packets is the first output port 14c. In 
this case, the output competition determination unit 34 deter 
mines whether the two optical packets compete. In other 
words, the output competition determination unit 34 deter 
mines whether the two optical packets concur in time. If the 
two optical packets compete, the optical packet arriving first 
is transmitted and the following optical packet is discarded. 
0032. In this embodiment, the optical switch 14 is a 2x2 
optical switch For example, the optical switch 14 may be 
implemented by a semiconductor optical amplifier. The opti 
cal switch 14 is controlled to be turned on or off by an optical 
switch control signal from the optical switch control unit 16 
and routes and outputs the input optical packet signal. 
0033. The first optical delay line 22 and the second optical 
delay line 24 delay one of the optical packet signals from the 
branch for a duration required for the optical switch control 
unit 16 to generate an optical Switch control signal. By pro 
viding the first optical delay line 22 and the second optical 
delay line 24, on/off of the optical switch 14 can be controlled 
to be synchronized with the timing of arrival of the optical 
packet signals at the optical Switch 14. 
0034. The optical packet signal output from the first output 
port 14c of the optical switch 14 is output to a first optical 
transmission path 21. The optical packet signal output from 
the second output port 14d of the optical switch 14 is output 
to another optical transmission path 23. 
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0035. A description will now be given of the optical packet 
transmitter device 12. The optical packet transmitter device 
12 is provided with the function of causing a client signal 
received from a client device (not shown) to branch into 
optical packet signals at a plurality of wavelengths and trans 
mitting the signals. As shown in FIG. 3, the optical packet 
transmitter device 12 is provided with a client signal process 
ing unit 36, a packet generation unit 38, an electrical/optical 
converter unit 40, and an arrayed waveguide grating (AWG) 
42. 
0036. The client signal processing unit 36 subjects a 
received client signal to a predetermined process before out 
putting the signal to the packet generation unit 38. The client 
signal processing unit 36 buffers the received client signal. 
0037. The packet generation unit 38 is provided with a 
signal length counting unit 44, a signal branch processing unit 
46, a routing information addition unit 48, a transmission 
processing unit 50, and a delay processing unit 52. 
0038. The signal length counting unit 44 counts the length 
of the received signal. The signal branch processing unit 46 
causes the client signal to branch into a predetermined num 
ber of (10, in the case of the first embodiment) packet signals 
based on information on the length of the client signal from 
the signal length counting unit 44. 
0039. The routing information addition unit 48 adds rout 
ing information to each of the packet signals from the 
branches. The transmission processing unit 50 adds a pre 
amble to the head of each packet signal and outputs the signal 
to the electrical/optical converter unit 40. The delay process 
ing unit 52 controls the timing according to which the trans 
mission processing unit 50 outputs the packet signal to the 
electrical/optical converter unit 40. By controlling the timing 
of outputting the packet signal using the delay processing unit 
52, the gap time between the optical packet signals can be 
adjusted. 
0040 10 packet signals generated by the packet genera 
tion unit 38 are input to the electrical/optical converter unit 
40. The electrical/optical converter unit 40 comprises 10 E/O 
modules 40-1-40-10. The E/O module convert the packet 
signals from the packet generation unit 38 into optical packet 
signals at wavelengths W1-W10. The optical packet signals 
output from the electrical/optical converter unit 40 are input 
to the AWG 42. The AWG 42 subjects the optical packet 
signals at the wavelengths W1-W10 to wavelength multiplex 
ing and outputs the signals to the optical transmission path 19. 
0041 FIG. 4 illustrates the operation of the optical packet 
transmitter device in the optical packet Switching system 
according to the first embodiment. According to the first 
embodiment, the delay processing unit 52 of the optical 
packet transmitter device 12 controls the timing of outputting 
the packet signal so that the gap time between optical packet 
signals is a predetermined fixed value. The fixed value is 
determined in accordance with time required for the optical 
packet Switching device 10 to perform a Switching process 
(Switching time) and is defined to be longer than the time 
required for optical Switching. 
0042 FIG. 4 shows that the gap time of a desired length is 
secured between optical packet signals by causing the delay 
processing unit 52 to delay the start timing of the optical 
packet signals with respect to the start timing of the Ether 
frame. This secures Sufficient Switching time in the optical 
packet switching device 10 so that the ratio of discarded 
packets is reduced. 

Second Embodiment 

0043 FIG. 5 shows the operation of the optical packet 
Switching device in the optical packet Switching system 
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according to a second embodiment of the present invention. 
The components of the optical packet Switching system 
according to the second embodiment are basically identical to 
the components of the optical packet Switching system shown 
in FIG. 3 and so are denoted by like symbols. A detailed 
description is omitted. 
0044) The operation of the delay processing unit 52 of the 
optical packet transmitter device 12 in the optical packet 
Switching system 100 according to the second embodiment 
differs from that of the first embodiment. In the first embodi 
ment, the delay processing unit 52 adjusts the timing of out 
putting an optical packet signal so that the gap time between 
packet signals has a fixed value. In the second embodiment, 
the delay processing unit 52 controls the timing of outputting 
a packet signal and adjusts the gap time in accordance with 
the length of a client signal (length of an Ethernet frame). 
Information on the length of the client signal is obtained from 
the signal length counting unit 44. More specifically, the 
delay processing unit 52 adjusts the gap time so that trans 
mission of an optical packet signal occurs Substantially in the 
middle of the client signal, as shown in FIG. 5. 
0045 FIG. 5 shows that optical packet signals are located 
substantially in the middle of the Ether frame and sufficient 
gap time is secured between optical packet signals, by delay 
ing the start timing of optical packet signals from the start 
timing of the Ether frame. According to the second embodi 
ment, additional margin is created for Switching control in the 
optical packet switching device 10 so that the ratio of dis 
carded packets is further reduced. 

Third Embodiment 

0046 FIG. 6 shows an optical packet switching system 
according to a third embodiment of the present invention. 
Those components of the optical packet Switching system 
100 shown in FIG. 5 that are identical or corresponding to the 
components of the optical packet Switching system shown in 
FIG.3 are denoted by like symbols and a detailed description 
is omitted. 
0047. In optical packet switching in the optical packet 
Switching device 10, optical packet signals from a specific 
input port could be more likely to be discarded than those 
from the other ports. The third embodiment addresses this by 
feeding back information on the ratio of discarded optical 
packets to the optical packet transmitter device 12 and adjust 
ing the gap time so that the ratio of discarded packets is 
reduced. 
0048. The optical switch control unit 16 of the optical 
packet Switching device 10 in the optical packet Switching 
system 100 according to the third embodiment further com 
prises a discarded ratio calculation unit 54 in addition to the 
components shown in FIG. 3 of the first optical/electrical 
converter unit 26. 
0049 Information on the number of optical packets 
received at the respective ports of the optical switch 14 is 
input to the discarded ratio calculation unit 54 from the first 
analyzer unit 60 and the second analyzer unit 62. Information 
on the number of discarded optical packets is input to the 
discarded ratio calculation unit 54 from the output competi 
tion determination unit 34. The discarded ratio calculation 
unit 54 calculates the ratio of discarded optical packets for 
each input port, based on the information. The optical packet 
Switching device 10 routes optical packets by reading trans 
mission source information and destination information from 
the header of optical packet signals. The ratio of discarded 
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packets can be calculated for each input port of the optical 
Switch 14 by referring to the transmission source information 
of discarded optical packet signals. 
0050 Information on the ratio of discarded packets calcu 
lated in the discarded ratio calculation unit 54 is transmitted to 
the respective optical packet transmitter devices connected to 
the optical packet switching device 10. Since the optical 
packet transmitter device 12 is connected to the second input 
port of the optical Switch 14 according to this embodiment, 
the ratio of discarded optical packet signals received at the 
second input port 14b is transmitted to the optical packet 
transmitter device 12. Meanwhile, the radio of discarded 
optical packet signals received at the first input port 14a is 
transmitted to the optical packet transmitter device (not 
shown) connected to the first input port 14a. 
0051. As shown in FIG. 6a, information on the ratio of 
discarded packets is input to the delay processing unit 52 of 
the optical packet transmitter device 12. The delay processing 
unit 52 adjusts the gap time between optical packet signals 
based on the information on the ratio of discarded packets. 
More specifically, if the ratio of discarded packets is equal to 
or greater than a predetermined reference value, the delay 
processing unit 52 delays the timing of outputting packet 
signals by, for example, 1 byte or several clocks in each step 
So as to extend the gap time. The delaying step is repeated 
until the ratio of discarded packets fed back from the dis 
carded ratio calculation unit 54 of the optical packet switch 
ing device 10 is below the predetermined reference value. 
This can suitably reduce the ratio of discarded packets. 
0052. If the gap time is extended longer than a standard 
packet length of client signals, some optical packets cannot be 
transmitted. Therefore, it is desirable that the maximum value 
of the gap time is approximately the value obtained by Sub 
tracting the minimum necessary gap time from the standard 
packet length of client signals. In this embodiment, the optical 
packet switching device 10 is assumed to be a 2x2 device. In 
the case of an optical packet Switching device configured for 
more inputs and more outputs, the likelihood of congestion of 
optical packet signals will be increased. The optical packet 
Switching device 10 according to the embodiment is particu 
larly Suitable for Such a case. 
0053. Described above is an explanation based on an 
exemplary embodiment. The embodiment is intended to be 
illustrative only and it will be obvious to those skilled in the 
art that various modifications to constituting elements and 
processes could be developed and that such modifications are 
also within the scope of the present invention. 
What is claimed is: 
1. An optical packet Switching system, comprising: 
an optical packet transmitter device configured to transmit 

an optical packet signal; and 
an optical packet Switching device configured to route and 

output an input optical packet signal, 
wherein the optical packet transmitter device is configured 

to adjust gap time between optical packets transmitted. 
2. The optical packet Switching system according to claim 

1, 
wherein the optical packet transmitter device adjusts the 

gap time to a fixed value defined by time required for 
Switching in the optical packet Switching device. 

3. The optical packet Switching system according to claim 
1, 

wherein the optical packet transmitter device is configured 
to cause an input client signal to branch into a plurality of 
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optical packet signals and adjust the gap time in accor 
dance with a length of the client signal. 

4. The optical packet Switching system according to claim 
3, 

wherein the optical packet transmitter device adjusts the 
gap time so that transmission of an optical packet signal 
occurs Substantially in the middle of the client signal. 

5. The optical packet Switching system according to claim 
1, 

wherein the optical packet Switching device is configured 
to detect a ratio of discarded optical packet signals and 
transmit information on the ratio of discarded optical 
packet signals to the optical packet transmitter device, 
and 

the optical packet transmitter device adjusts the gap time 
based on the information on the ratio of discarded opti 
cal packet signals. 

6. The optical packet Switching system according to claim 
5, 

wherein, when the ratio of discarded optical packet signals 
is equal or greater than a predetermined reference value, 
the optical packet transmitter device extends the gap 
time so that the ratio of discarded optical packet signals 
is below the predetermined reference value. 

7. An optical packet transmitter device for use in an optical 
packet Switching system including an optical packet Switch 
ing device, 

wherein the optical packet transmitter device is configured 
to adjust gap time between optical packets transmitted. 
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8. The optical packet transmitter device according to claim 
7. 

wherein the optical packet transmitter device adjusts the 
gap time to a fixed value defined by time required for 
Switching in the optical packet Switching device. 

9. The optical packet transmitter device according to claim 
7. 

wherein the optical packet transmitter device is configured 
to cause an input client signal to branch into a plurality of 
optical packet signals and adjust the gap time in accor 
dance with a length of the client signal. 

10. The optical packet transmitter device according to 
claim 9, 

wherein the optical packet transmitter device adjusts the 
gap time so that transmission of an optical packet signal 
occurs Substantially in the middle of the client signal. 

11. The optical packet transmitter device according to 
claim 7. 

the optical packet transmitter device adjusts the gap time 
based on the information on the ratio of discarded opti 
cal packet signals sent from the optical packet Switching 
device. 

12. The optical packet transmitter device according to 
claim 11, 

wherein, when the ratio of discarded optical packet signals 
is equal or greater than a predetermined reference value, 
the optical packet transmitter device extends the gap 
time so that the ratio of discarded optical packet signals 
is below the predetermined reference value. 

c c c c c 


